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Unraveling the cause of abortion in the horse is historically difficult; an average of 16-16.9% of cases are unresolved. 6, 8, 9, 14 The majority of information available on the subject of equine abortion has been compiled from the extensive analysis of the equine population within the bluegrass region of Kentucky 6, 8, 9 and at Newmarket, England. 17 Because of the regional and population differences among Kentucky, England, and Michigan, it was of interest to examine the abortion submissions to the Animal Health Diagnostic Laboratory (AHDL), Michigan State University, by compiling a 12year retrospective study for 1985-1996. Two hundred ninety aborted or stillborn equine fetal submissions were included in this study. Submission dates ranged from February 1985 through June 1996. All submissions were from Michigan, with the exception of 1 from Missouri, 2 from northern Ohio, and 3 from western Pennsylvania. The submissions were classified by a number of parameters, From the Animal Health Diagnostic Laboratory and Department All submitted fetuses were examined grossly for any eviof Pathology, College of Veterinary Medicine, Michigan State Uni-dence of trauma, malformation, or disease externally and versity, East Lansing, MI 48824. internally. An equine abortion screen was performed for bac-Received for publication July 18, 1996. terial, viral, and fungal organisms on tissues including lung, including geographic distribution, breed, sex, gestational age, and diagnostic findings, when available, and represented 22 equine breeds: 87 Standardbreds (30%), 43 Quarter Horses (14.8%), 42 Thoroughbreds (14.4%), 38 Arabians (13%), 10 miniature horses (3.4%), 13 draft horses (4.4%), 15 Paints/ Pintos (5.1%), 5 Morgans (1.7%), 5 Warmbloods (1.7%), 11 mixed breeds (3.7%), 2 donkeys, 2 Appaloosas, and 1 each Shetland pony, Saddlebred, and Tennessee Walker, and 12 of undocumented parentage (4.1%). One hundred twentythree were males, 108 were female, and 59 were not assigned a sex descriptor. Most submissions were recorded between November and May (88.1%), with January through March being the heaviest months. Gestational ages, reported in 182 cases, ranged widely: < 90 days (n = 3, 1.64%), 90-170 days (n = 20, 10.9%), 180-220 days (n = 48, 26.3%), 230-260 days (n = 23, 12.6%) 270-300 days (n = 59, 32.4%), and 310 days to term (n = 29, 15.9%). The majority of abortions occurred between 270 and 300 days gestation. liver, and stomach contents. Samples were also routinely submitted for histopathologic examination.
Placenta, when available, was also submitted for histologic and microbiologic evaluation. Kidney and placenta were routinely examined for the presence of Leptospira by direct fluorescent antibody testing. Serum from the dam was checked for Leptospira titers when available. Fetal liver was routinely submitted for vitamin E and selenium concentration determination 4, 16 because Michigan is considered a seleniumdeficient state. Myopathy was routinely investigated to support any nutritional aberrations noted.
Equine herpesvirus (EHV-1) was isolated and/or acidophilic intranuclear inclusion bodies were seen in liver and often in lung tissue in 8.9% (n = 26) of cases. Placentitis was reported in 12.7% of cases. Streptococcus zooepidemicus was implicated in 6.8% of cases. Escherichia coli and alpha-and beta-hemolytic Streptococcus were also isolated from cases of placentitis. In addition to bacterial placentitis, septicemia was noted in 18 cases (6.2%). Actinobacillus equuli was responsible for abortion in 1.0% (n = 3) of cases. Serratia marcesens was found in abundance in 1 case. Rhodococcus equi, Streptococcus equi, S. equisimilis, Campylobacter sp., Corynebacteria sp., Klebsiella, Micrococcus, Staphylococcus aureus, and Staphylococcus xylosus had all been isolated in abundance from 1 or 2 cases each and were considered the most likely cause of abortion. Eight additional cases were described with placentitis; however, no etiologic agent was isolated. Aspergillus and Mucor sp. were noted as causes of abortion in 3 and 1 case, respectively. Ehrlichia ristici, the causative agent of Potomac horse fever, was suspected in 1 case where the fetus had lymphoplasmacytic hepatitis, splenitis, and myocarditis with a concomitant titer of 1:320 in the dam. Fetal tissues were routinely examined for the presence of Leptospira by direct immunofluorescence. No samples were positive for the organism. In addition, mare serum was evaluated for the presence of antibodies to Leptospira. Titers were noted in 5 mares; the highest was 1:400 against Leptospira grippotyphosa, L. autumnalis, and L. canicola. Leptospira icterohemorrhagiae antibodies were also noted at 1:200 in 2 of the 5 mares.
A variety of congenital defects were seen at the AHDL and accounted for 4.8% of abortion cases. Of the congenital defects, contracted foal syndrome accounted for 42.8% (n = 14) of cases and included, cranial, cervical spine, and thoracic-lumbar deformities. Limb contractures alone accounted for 14.2% of the congenital defects. In addition, 2 cases of palatoschisis, 1 of diaphragmatic aplasia, 1 of shistosomus reflexus, and 1 of severely deformed kidney and liver were seen over the 12-year period. had a deficiency in both values, and the remaining 8% (2/ 25) had normal vitamin E levels. Goiter was seen in 0.6% (n = 2) of cases.
Umbilical abnormalities that could be responsible for fetal malnutrition and or asphyxia were found in 4.8% (n = 14) of cases. Severe edema and congestion of the umbilical cord (n = 1), shortened cords (<40 cm, n = 2), severe torsion ( n = 7) and strangulating and or occluding cystic structures (n = 4) were all seen.
Six pair of twins accounted for 4.1% of abortion submissions. Two mummies were presented. Severe placental calcification was noted in 2.0% (n = 6) of cases. The 3 cases of dystocia apparently directly contributed to the loss of the fetus, 1 following the repair of a uterine torsion. Biliary carcinoma was seen in 1 case. Trauma accounted for 1.7% (n = 5) of submissions Amnionitis nodosum was seen in 1 case. One case demonstrated adenomatoid hyperplasia of the placenta. In 95 cases of noninfectious abation (32.7%), no etiology could be described.
The AHDL at the Michigan State received 290 cases of equine abortion/stillbirth between 1985 and 1996, with an average of 24 cases/year and the most submissions (n = 42) in 1988, with a steady decline since then. Two retrospective studies of equine abortions seen at the Livestock Disease Diagnostic Center (LDDC), 6, 9 University of Kentucky, were used to compare and contrast findings at AHDL to further understand the mechanisms that lead to abortion in horses. 6, 9 In addition, this study should help to elucidate the distribution of abortifacients in the northern Midwest. The LDDC has a tremendous submission rate of equine abortions, evaluating a total of 1,211 cases over the 1988 and 1989 foaling seasons alone, which despite the predominance of thoroughbreds and standardbreds makes the LDDC studies appropriate comparative resources. Although the volume of equine abortion cases seen at AHDL was significantly less than that at the LDDC, the comparison is helpful in unraveling trends in equine reproductive failure.
In 1991, the Michigan Department of Agriculture released Phase I of a survey known as the Michigan Equine Monitoring System (MEMS) to describe the size, composition, geographic distribution, and economic characteristics of Michigan's equine industry. In 1991, Michigan had a recorded population of 130,000 horses with the majority of animals concentrated within Oakland, Washtenaw, Livingston, and Jackson counties (southeastern Michigan). This distribution is correlated with the population for this study, for which the majority of submissions came from southeastern Michigan. The MEMS survey found that the Quarter Horse was the most popular horse in Michigan, followed by the Standardbred, Arabian, and Thoroughbred. During the present study, twice as many Standardbred offspring were presented to the AHDL than those of any other breed found in Michigan (30%), followed by Quarter Horses (14.8%), Thoroughbreds (14.4%), and Arabians (13%). Michigan has an active Standardbred breeding/racing industry concentrated in lower Michigan. The overrepresentation of Standardbred submissions may reflect the presence of this industry and the economic importance of viable offspring.
The gestational age of abortion submissions ranged from <90 days to term; however, most fetuses (32.4%) were 270-300 days of age. The LDDC reported that the majority of their submissions (44.4%) were at term. The differences recorded may be a reflection of the size of the study group or may be a true reflection of the etiologic agents. The AHDL and the LDDC received most submissions between November and May, which follows the seasonal reproductive cycle of the mare. Any abortion occurring prior to November would more likely be missed as an early embryonic death. January through March were the most active months of the AHDL.
Congenital defects were identified in 6.79% of equine foal/ fetus submissions to the LDDC between 1970 and 1982. 2 Of those submissions, 33% (2.25% of total) demonstrated contracted foal syndrome, which was the most common congenital abnormality seen in Kentucky during that time period. AHDL reported 4.8% congenital defects, with 2.0% possessing qualities of the contracted foal syndrome including cranial, cervical spine, and/or thoracolumbar malformations; limb malformations may or may not have been present. Limb contractures alone accounted for 0.6% of AHDL cases and 1.4% of LDDC cases during the study periods reported. Congenital defects in other species, such as cattle, pigs, and sheep, occur in 0.2-3% of births, suggesting that the number of congenital anomalies seen at the AHDL were within the expected range. 10 Twinning has declined as a major cause of equine abortion with the widespread use of ultrasound-guided pregnancy evaluation and twin pinching. Twinning occurred overall in 22-29% of abortions in 10-year study, 1969 -1979 Thoroughbreds have a higher incidence of twinning than do other equine breeds, and Arabians are less likely (0.2-0.3%) to produce twins. 11, 17 In a retrospective study of thoroughbreds in Germany from 1967 to 1983, an average of 2.7% abortions were due to twinning, which dropped to 1.8% between 1984 and 1992. 11 Twinning accounted for 6.1% of abortion cases at the LDDC 8,9 and 4.1% at the AHDL in 1988 and 1989. Because of the high numbers of thoroughbred submissions to the LDDC, it is not surprising that there were more twin abortions at the LDDC than at the AHDL.
The role of vitamin E and selenium levels in the maintenance of pregnancy has been demonstrated in cattle. 18 A deficiency of selenium or an upset in the ratio between vitamin E and selenium has been implicated in equine abortion. 3 In the present study, 46.0% of animals were deficient in vitamin E, 80.1% were deficient in selenium, and 56.3% were deficient in both. Of these, only 11.1% could demonstrate a concomitant cardiac and/or skeletal muscle degeneration. The results from the group examined at the AHDL indicate that nutritional deficiency may play a role in the cause of equine abortion.
Goiter occurred in 2 cases and is a well-documented result of advanced iodine deficiency. Iodine-deficient diets in the mare can result in stillborn foals or extremely weak foals that fail to thrive. 3 EHV-1 abortion can occur as early as 4 months gestation but generally only causes problems late in gestation. 12 EHV-1-induced abortions were seen 8.9% of the time at the AHDL, with Standardbred fetuses twice as likely as any other breed to be affected. This overrepresentation may reflect management practices such as vaccination schedules and housing densities or the transient nature of the racing stock returning to the breeding farm. In Kentucky, EHV-1 was responsible for 3.3% of abortions during the 1988 and 1989 seasons. Other viruses that may be responsible for equine abortions, such as equine arteritis virus and equine infectious anemia virus, were not identified in this 12-year study.
Placentitis, seen at AHDL in 12.7% of cases, was most commonly (6.8%) caused by Streptococcus zooepidemicus, a normal resident of the vestibular vault in the horse and a potential abortifacient pathogen. 7 Escherichia coli and other bacterial microorganisms including Streptococcus and Staphylococcus species accounted for 18 cases (6.2%) of septicemia. Aspergillus-and Mucor-induced mycotic abortions were noted in a small percentage of submissions (1.2%). Mycotic abortions accounted for approximately 7% of the reported abortions in Kentucky. 6 Ehrlichia risticii was believed to cause 1 abortion at the AHDL and has been known to cause abortion. 13 No cases of leptosporosis were recorded in Michigan during the 12-year study. Leptospira are zoonotic pathogens and can precipitate recurrent uveitis and abortion in the horse. 1 Leptospira was reported as 1 of the most common causes of infectious equine abortion in Kentucky during the 1993 foaling season. 5 The transient nature of the breeding population and the high density of horses and wild animal reservoirs may play a key role in the maintenance of leptospirosis within the Bluegrass region of Kentucky. The population of horses and the manner in which they are housed is, in general, much different in Michigan than in the Bluegrass region, as in the fluctuation in ambient temperature over the course of the year. These factors may alter the maintenance of this disease within the target population. A mechanism for avoidance or prevention of Leptospira-induced abortion in the horse is not known at this time. Diagnostic tools appear to be similar to the tools used at the Kentucky facility. Dark-field observation of leptospira in stomach contents and placental and kidney smears using direct immunofluorescence analysis is done using polyvalent antisera containing immunoglobulins against antigens found on Leptospira pomona, L. grippotyphosa, L. hardjo, L. canicola, L. autumnalis, L. icterohemorrhagiae, and L. bratislava . Serum titers are determined if possible from the dam, and 1:100 is considered suspect. Five mares possessed titers to Leptospira species of up to 1:400; however, corresponding microorganisms were never identified in fetal tissue.
Umbilical cord abnormalities can lead to fetal malnutrition, asphyxia, and death. Numerous abnormal conditions were noted throughout this study, including cords that were too short, presumably leading to premature disconnection and asphyxia, the presence of pedunculated, strangulating, or occluding umbilical cysts causing local ischemia, and profound umbilical edema and mineralization. The severity of these conditions was sufficient to suggest that they led to abortion.
Fetal stress was a significant finding in many of the cases examined. Fifty-six fetuses (19.3%) had squames present within the lung tissue, suggesting distress. In addition, meconium was also present within the alveolar tissue in 2.7% of fetuses, another indicator of stress. In 32.7% of cases (n = 95), no etiology was assigned, and there was no indication of an infectious cause. In addition, 7.2% of cases (n = 21) 7. appeared to be of an infectious nature but no etiologic agent could be isolated.
The diagnosis of equine abortion cases submitted to AHDL 8.
appeared to be somewhat in agreement with the findings reported from Kentucky with 2 notable exceptions. 6, 8, 9 First, 9. leptospirosis, 1 of the most common cause of infectious abortion in horses in Kentucky in 1993, was not present at MSU 10.
during the 12-year study. Second, Michigan received almost 3 times the relative case load of EHV-1 than did Kentucky. Because of the small number of cases submitted to MSU on 11.
a yearly basis, this study can only give important clues as to the pathogens present within the Michigan equine population.
Internal hydrocephalus of channel catfish fry (Ictalurus punctatus)
Timothy R. Muench, William R. Sudlow, Melvin R. White
Five live channel catfish swim-up fry were presented by a commercial hatchery and fish farm to the Animal Disease Diagnostic Laboratory, Purdue University, for diagnostic evaluation. The fry were hatched from a mixture of 3 spawns collected from 2 local farm ponds. The eggs were disinfected in a 100-ppm buffered iodine-water solution a for 10 minutes prior to being placed into a recirculatory hatching unit. The water from the hatching unit was combined with water from other tanks in the facility and circulated through a facility settling chamber and a biofilter before being reintroduced into the hatching unit. A paddle wheel system and air from a regenerative blower (forced through air diffusers at 3 psi) From the Animal Disease Diagnostic Laboratory, Purdue University, 1175 ADDL, West Lafayette, IN 47905-1175 (Muench, White), and Hoosier Farm Fish, Delphi, IN 46923 (Sudlow).
Received for publication April 8, 1996. were used to aerate the water in the hatching unit. The eggs hatched uneventfully within 7 days, and the sac fry were transferred to 4 20-liter tanks (2 weeks posthatch) and then transferred to 10 20-liter tanks 1 week later as a combination of sac and swim-up fry. The water source for the 20-liter tanks was the same as for the hatching unit. Air from the regenerative blower and electrical agitators were used to aerate the 20-liter tanks.
A commercial diet for swim-up fry b and live brine shrimp (Artemia salina) were fed to the catfish fry (to satiation) every hour during the day and several times during the night. Tanks were cleaned manually as needed. Water quality was determined biweekly with a commercial water quality test kit. c The water temperature was a constant 24 C, the pH ranged from 6.5 to 7.5, and the dissolved oxygen ranged from 6 to 10 ppm. Ammonia, nitrate, and nitrite were not detected. Approximately 4 weeks after hatching, 0.5-3% of the fry in
